with the tide. Adjusting the survey counts to the ideal state for each covariate produced an estimate of 30,035 seals, about 1.8 times the total of the unadjusted counts (16,355 seals) . To the adjusted count, we applied a correction factor of 1.198 from a separate study of two haul-out sites elsewhere in Alaska, to produce a total abundance estimate of 35, 981 (SE 1, 833) . This estimate accounts both for the effect of covariates on survey counts and for the proportion of seals that remained in the water even under ideal conditions for hauling out.
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In Alaska, harbor seals (Phoca vitulina vichardii) occupy a broad range from approximately 130"W to 172"E (over 3,500 km east to west) and from 61"N to 51"N (over 1,000 km north to south) (Frost et al. 1982) . In recent decades their abundance has declined at several Alaska locations. For example, counts of harbor seals at Tugidak Island declined 85% between 1976 and 1988 (Pitcher 1990 ) and counts in Prince William Sound suggest population declines of approximately 63% between 1984 and 1997 (Frost et al. 1999) . The significance and causes of these declines are unknown, but there is concern about the present and future status of Alaska harbor seal populations, most notably in the Gulf of Alaska. Declining populations of Steller sea lions (Eumetopias jubatus),which are sympatric with harbor seals through most of their range, have added to concerns about what may be happening to harbor seal populations; the western stock of Steller sea lions has declined by over 70% since the mid-1960s (Loughlin et al. 1992) and was listed in 1997 as "endangered" under the US. Endangered Species Act.
Reliable estimates of harbor seal abundance are needed to develop sound conservation and management plans. The most feasible approach to estimating regional abundance is to use aircraft to count seals when they are hauled our of the water and are visible. Understanding the timing of haul-out behavior, therefore, is of critical importance to survey design. Harbor seals generally haul out in greatest numbers during mid-day (e.g., Schneider and Payne 1983 , Stewart 1984 , Yochem et al. 1987 , Watts 1996 , though this may vary by region (e.g., Frost et al. 2001) , or even by haul-out site (Ver Hoef and Frost, in press ). Also, there are two seasonal peaks in the numbers of harbor seals hauled out in Alaska: one during MaylJune associated with pupping, and the other during AugustlSeptember associated with molting (Jernison and Kelly 2001) . In Alaska, aerial surveys have generally been conducted during the molting period when the number of seals hauled out was thought to be highest and the weather conditions were likely to be favorable for flying.
In addition to time of day and date, environmental conditions such as tide level and local weather affect the haul-out behavior of harbor seals. These and other covariates of seal counts should be factored into analyses to account for seals that were not hauled out when the counts were made. Watts (1996) , Frost et a/. (1999), and Ver Hoef and Frost (in press) used this approach to analyze trends of harbor seal counts in British Columbia, Canada, and Prince William Sound, Alaska. In the present paper we used the same general analytical approach of incorporating survey covariates, but our focus was on the abundance of seals in a broad area, the Gulf of Alaska, rather than on trends in seal counts at a relatively small number of haul-out sites. The aims of this study were (1) to gain a better understanding of how environmental conditions affect the timing and numbers of seals hauled out during aerial surveys, (2) to reduce the effects of variability from covariates on estimates of harbor seal abundance, and (3) to estimate the total number of harbor seals in the Gulf of Alaska.
METHODS

Study Area
The study area was composed of seven survey zones distributed along the Gulf of Alaska coastline ( Fig. 1): (1) the south side of the western Alaska Peninsula from Cape Lazaref to Kupreanof Peninsula (including the Shumagin Islands); (2) the south side of the eastern Alaska Peninsula from Chignik Bay to Cape Douglas Reef (including Semidi and Chirikof islands); (3) the Kodiak Archipelago (including Afognak, Tugidak, and Sitkinak islands); (4) the north side of Cook Inlet from Anchorage to Cape Douglas; (5) the Kenai Peninsula; (6) Prince William Sound; and (7) the Copper River Delta, Middleton Island, and Kayak Island.
Harbor seals were counted at 299 haul-out sites distributed throughout the seven survey zones (Fig. 1, Table 1 ). This distribution of survey effort covered nearly all the haul-out sites (e.g., beaches, ledges, sand bars, offshore rocks, and glacial ice) used by harbor seals in the Gulf of Alaska, except in Prince William Sound. There, "trend routes" were monitored in studies sponsored by the Alaska Department of Fish and Game (Route A; Frost et al. 1999 ) and the Exxon Company, U.S.A., (Route B; Hoover-Miller et ul. 2001) . The trend routes were designed to monitor seal population trends over several years at selected, well-known haul-out sites rather than monitor total abundance at all haul-out sites. The two trend routes encompassed the majority of haul-out sites in Prince William Sound, but (because some glacial areas were excluded along Route B) the number of haul-out sites that were not surveyed is unknown. In 1996 there were six sites along Route A where no seals were encountered, and two sites where only one seal was encountered on one day of the surveys; these eight sites were not included among the 299 sites that we analyzed. Other than the difference in how sites were selected for trend routes UJ. other areas, the survey methods were the same for all areas surveyed.
Survey MethodJ
Fixed-wing aircraft were used to photograph harbor seals hauled out on land or ice from 12 August through 6 September 1996. Those dates fell within the period identified previously as the annual molting period, when the greatest number of harbor seals spend the greatest amount of time hauled out (Pitcher and Calkins 1979, Calambokidis et al. 1987) . Observers in nine separate aircraft were used to survey the seal haul-out sites during the study period (Table 1) . Survey flights were scheduled to occur within two hours on either side of low tide, as permitted by available daylight and weather. Most surveys were flown at an altitude between 100 m and 300 rn at about 167 km/h (90 knots).
At the beginning of the survey period, the entire coastline in each survey zone (except Prince William Sound) was searched to determine the location of all harbor seal haul-out sites. Haul-out sites found during that comprehensive search were surveyed on (up to 12) subsequent days. Ninety percent of sites were counted two or more times, and 66% of sites were counted four or more times. Groups of <10 seals (or <40 for Prince William Sound surveys) were counted with the naked eye or with 7 X binoculars as the plane passed by or circled over the haul-out site. Larger groups were photographed with 35-mm cameras and 70-210-mm or 35-135-mm zoom lenses using ASA 400 color transparency film. The color transparencies were projected onto a white background and the seals were counted, usually by two counters working independently (in which case, the mean of the two counts was used).
Estimating Tide Heights and Times
For each survey count at each haul-out site, we estimated the height of the tide, as well as the height and time of the low tide nearest to the time of each count. We used the predicted values of these variables from the closest station in the National Water Level Observation Network (Hicks 1989) , established and monitored by the National Oceanic and Atmospheric Administration (http:l/ www.co-ops.nos.noaa.gov/). We used the tidal data from the station that was nearest by sea to each harbor seal haul-out site. The median distance by sea between each haul-out site and the nearest tidal station, weighted by the number of counts at each site, was 15 km; 90% of the distances were s 4 1 km. The heights and times of the tides were estimated using the program WXTIDE32 (http:l/www.wxtide32.coml).'
Deriving Maximum and Mean Harbor Seal Counts
The number of seals counted during aerial surveys represents an estimate for the lower bound of the population size. However, when seals are counted on multiple days and no single day of the survey includes counts at all of the haulout sites, there are several methods of summarizing the number of seals counted. One option is to use the maximum number of harbor seals counted at each site throughout the survey period. In our case these site-specific maxima did not gen-' Reference to products or trade names does not imply endorsement by the National Marine Fisheries Service.
erally occur on the same day, raising the possibility that some seals may have been included in the maximum count more than once if they moved from one haul-out site to another. Although tagging studies indicate that harbor seals usually have small ranges (e.g., Pitcher and McAllister 1981 , Stewart et al. 1989 , Thompson et al. 1994 , the frequency with which groups of seals move between nearby haul-out sites is unknown. Therefore, for comparison, and to provide an estimate that would be less affected by movements of seals among sites, the mean number of seals counted at each haul-out site (sum of counts divided by number of replicate counts) was summed over all haul-out sites.
Statistical Analysis of Factors Affecting Seal Haul-out Behavior
We modeled the effects of environmental variables (covariates) on the numbers of harbor seals hauled out during surveys using a method similar to that used by Frost et al. (1999) , except that instead of a generalized linear model (McCullagh and Nelder 1989), we used a generalized additive model (Hastie and Tibshirani 1990, Fewster et al. 2000) . Generalized additive models (GAMs) are non-parametric or semiparametric extensions of generalized linear models, allowing the data themselves to suggest the form of the relationships between harbor seal counts and the covariates, rather than requiring the analyst to specify a parametric form. In a second departure from the methods of Frost et a/. (1999) , we assumed that the number of harbor seals Z, counted on thejth flight over haulout site i was distributed as a negative binomial random variable (rather than Poisson) with mean h, determined by a natural-log link function, wherefk is some function of X+, the state of the kth covariate (or set of covariates), and 8 is a scale parameter for the relationship between the negative binomial mean and variance. The negative binomial distribution is often used for data, such as ours, that are "overdispersed" relative to the Poisson distribution (Lawless 1987) . The functions f, called the additive predictors, may be chosen from a broad class of functions including non-parametric smoothets, which ate especially useful in exploring or confirming the forms of the dependence of the counts on the covariates. We estimated the additive predictors and model parameters using the statistical software S-Plus 2000@.
The covariates that we investigated were the height of the tide at the time of the count, height of the low tide nearest in time to the count, height and time of the tide relative to the nearest low tide (which we called relative tide height and relative tide time), time of day, date, wind speed, sky condition, and air temperature. The effects of tide, time, and date were modeled as smooth nonparametric functions and the other effects were modeled as categorical factors. One additional factor with two levels indicating whether the haul-out site was on land or floating ice was not included directly in the models but was used to "nest" the tidal covariates. In other words, the effect of a tidal variable such as relative tide height was modeled as two separate smooth functions: one for haulout sites on land and one for haul-out sites on ice. Finally, haul-out site identity was included as a categorical factor, providing a term for the site means.
To select the covariates and the forms of the additive predictors that provided the best ( i e . , most parsimonious) fit to the harbor seal counts, we used a stepwise procedure. We began with the model that contained all the covariates. We then dropped covariate terms one at a time, except for the term for site means, which was retained in all models. At each step, the single term that was least significant (assuming that the increment in the deviance was distributed as chisquared) was dropped until removing any further terms would cause a significant ( P < 0.05) increase in the residual deviance. We also fit a model containing only the term for the site means. This model provided the means of the raw counts at all haul-out sites and served as a basis for comparison with the final counts adjusted for the effects of the covariates.
Our choice of the negative binomial distribution for the counts complicated the process of selecting a model from the covariates because the analysis of deviance (McCullagh and Nelder 1989) required that 8 be known and fixed. We fixed 8 at a value that we estimated in two ways. First, we fit a "full" GAM based on a Poisson distribution and containing all the covatiates. We added the residuals from this model to the respective site means, simulating a new response variable with dispersion that was as independent as possible of the covariates. Eight values of this new response out of 1,366 were negative and were omitted from the next step. We then used the functions glm.nb and neg.bin from the MASS library for S-Plus (Venables and Ripley 1999) in a model with a term for sites as the only covariate to obtain an estimate of 8 = 4.17. In a second approach, after examining the additive predictors from the "full" model described above, we replaced the non-parametric additive predictors with suitable, low-order polynomials and used glm.nb to obtain an estimate of 8 = 3.15. We held 8 fixed at 3.66, the mean of the two estimates, during the stepwise model selection procedure described above.
The smooth terms were initially fit with a default degree of smoothing that provided approximately 4 degrees of freedom (1 degree of freedom corresponds to a linear fit, 4 degrees of freedom will typically accommodate moderate curvature and inflections). After selecting the covariates to include in the model, we checked our choices of the degree of smoothing to use in the predictors for tide, time, and date by allowing each term to be a linear term (slope), or a smooth term with either 4 or 7 approximate degrees of freedom (the latter can accommodate sufficient curvature to fit any reasonable form for the covariate effects we studied). These alternatives were evaluated by analysis of deviance using the approximate chi-squared test as in the selection of covariates. Like Frost et af. (1999) , we checked the final model by examining the deviance residuals for patterns related to the covariates.
Adjzlsting for Covariates
To assess the combined effects of the covariates on the number of seals hauled out, we used the estimated covariate relationships to adjust the counts to a Standardized set of conditions. These conditions were chosen as the value of each covariate that would be expected to maximize the number of seals ashore. This standardized set of conditions represented a hypothetical state that was unlikely to occur naturally. Nevertheless, it was instructive for assessing the overall impact of the covariates and for comparisons with other types of information (for instance, radio-telemetry based mark-resight studies) about the proportion of seals missed in aerial surveys.
Correcting for the Proportion of Seals Not Hauled Out
There is no way to estimate, from counts alone, how many seals remain in the water even under ideal conditions for hauling out. This problem, common to all surveys of harbor seal abundance, has typically been addressed by using radiotelemetry or time-depth recorders to estimate the average proportion of seals hauled out during a survey and by using the reciprocal of that proportion as a "correction factor" applied to the unadjusted mean counts (e.g., Pitcher and McAllistet 1981 , Harvey 1987 , Yochem et al. 1987 , Hanan 1996 , Olesiuk 1999 , Huber et al. 2001 ). To create a correction factor for our covariate-adjusted counts, however, the telemetry data must themselves be adjusted for the state of the covariates. A correction factor that encompassed a range of haul-out conditions would over-correct if applied to a count that had been adjusted to ideal conditions. We had, unfortunately, no telemetry data directly associated with our harbor seal surveys of the Gulf of Alaska in 1996. However, Simpkins et d 2 indicated that it may be possible to use covariate-adjusted correction factors obrained elsewhere to estimate total harbor seal abundance in the Gulf of Alaska.
We applied a covariate-adjusted correction factor from that study of 1.198 (SE 0.039 ) to obtain an estimate of the total number of harbor seals in the Gulf of Alaska. We estimated the variance of the total population estimate N, assuming independence of variables (Goodman 1960) :
where AC is our adjusted count, and CF is the correction factor.
RESULTS
Seal Counts
A total of 1,366 counts of harbor seals and the associated covariates were recorded. The maximum and mean numbers of seals counted within each survey zone are presented in Table 2 . The sum of the unadjusted (ie., raw data) means of the counts from all 299 haul-out sites was 16,355 seals; the sum of the unadjusted maximum counts was 23,815 seals.
Model Selection
The final model included terms for date, time of day, relative tide height (separate curves for land and ice sites), wind speed, and sky condition. Absolute tide height was dropped from consideration in the models because it was highly correlated with relative tide height, and the latter consistently improved the fit by a much greater margin. Of the remaining covariates, the first to be eliminated in the stepwise procedure was the height of the low tide nearest in time to the seal count. Two more covariates, air temperature and relative tide time, were eliminated before all the remaining terms in the model were significant (P < 0.05). The data did not support allowing any of the smooth terms to have 7 degrees of freedom. The default target of 4 degrees of freedom was supported for time of day and relative tide height at land sites. For date and relative tide height at ice sites, the smooth terms with 4 degrees of freedom did not provide a significantly better fit than the linear form for those terms. However, the difference in predicted values between the model with 4 degrees of freedom for those terms and the model with 1 degree of freedom for those terms was nearly imperceptible.
We retained the smooth terms with 4 degrees of freedom as the best indicators of the general relationships between these variables and the numbers of seals hauled out, because the smooth term for date seemed to provide some information about the position of a peak in the effect of date on counts.
Efects of the Covariates
At haul-out sites on land, greater relative tide height had a depressive effect on the number of seals counted (Fig. 2) . A hump in the curve at about 2 m of relative tide height was influenced by haul-out sites in southern Cook Inlet, suggesting that our tide prediction may have been inaccurate for those sites or perhaps that some of those sites actually afford better haul-out conditions when the tide is not too low. This situation has been observed where mud flats exposed at low tide isolate the seals from higher, more preferred grassy patches in Hood Canal, W a~h i n g t o n .~ The effect on counts taken at relative tide heights greater than about 2 m was imprecise because there were few observations under those conditions. On ice haul-out sites, where the area available for hauling was not affected by tides, the effect of tide was both imprecise and without a clear pattern (Fig. 2) , indicating that tide was not an important covariate of numbers of seals counted on ice.
Seal counts declined with date from the beginning of the study on 12 August until the end on 6 September (Fig. 2) . Although the curve describing the effect of date on the counts was not significantly different from linear, the apparent flatness around late July and early August may indicate that the highest counts would have been obtained if surveys had begun just slightly prior to ours. The effect of time of day (Fig. 2) indicated that the number of seals hauled out tends to be highest from late morning until mid-afternoon (local solar time). The factor covariates had little effect on the numbers of seals counted, except that counts decreased sharply under high winds and rainy skies (Fig. 3) .
A Covariate-Adjusted Count and an Estimate of Total Abundance
Based on the estimated covariate effects, we created an adjusted index of harbor seal counts that would be expected at ideal states of the covariates: a hypothetical count on 12 August (the first date of our surveys and the date with the largest positive effect on the counts), at low tide (0 m relative tide height), at 1058 local solar time, with partly cloudy skies and calm winds. For haul-out sites on ice, no adjustment was made for an effect of relative tide height. The sum of this adjusted index (or adjusted count) over all sites was 30,035 seals, or 1.84 times the sum of the un- 
DISCUSSION
The Effects of Covariates
T h e influences of the covariates on the timing and characteristics of harbor seal haul-out behavior were mostly consistent with findings from previous studies.
For example, many authors have reported peaks in the number of harbor seals hauled out around low tide (e.g., Schneider and Payne 1983 , Allen et al. 1984 , Pauli and Terhune 1987a , Frost et al. 1999 ) such as we observed at terrestrial haul-out sites. Stewart ( 1 984) described diurnal haul-out patterns in the Channel Islands, California, where sandy haul-out sites were available to seals irrespective of tides, similar to what we observed on glacial ice haul-outs.
Similarly, the effect that we observed of rain and wind on haul-out behavior agrees with other studies in which more seals were observed swimming in the water around haul-out sites when it was raining (Pauli and Terhune 19876, Olesiuk et ul. 1990) or more seals were hauled out when winds were not strong and rain was not heavy.* These effects on haul-out behavior, however, may be difficult to distinguish from effects of these conditions on observers' abilities to detect and count seals.
The effect we observed related to the date covariate was likely a reflection of changes in harbor seal behavior corresponding to the annual molt period. Individuals spend more time hauled out during the molt, possibly to elevate skin temperature and conserve energy (Boily 1995) . Once molting is completed, harbor seals haul out less frequently and for shorter periods of time (Sullivan 1980 , Thompson et ul. 1989 , Thompson and Harwood 1990 , Frost et ul. 2001 . For example, Mathews and Kelly (1996) observed that counts of seals in mid-September were 85% less than counts in the same area made three weeks earlier (late August) in Glacier Bay, Alaska. This postmolt decline may explain the decrease in our estimated numbers of seals ashore from mid-August to early September. However, the timing of the molt varies among the sexes and age classes and the relative timing among age classes may vary from year to year (Thompson and Rothery 1987 , Daniel et d 5 ) .
Therefore, the date of the peak number of seals ashore may also vary, confounding attempts to time aerial surveys around the peak date. This possibility reinforces the notion that covariate effects should be taken into account explicitly in estimates of harbor seal abundance from aerial surveys. An important implication for survey design is that some survey effort should be allocated to dates that are expected to be sub-optimal for numbers of seals hauling out, to provide the "contrast" necessary for reliable estimation of the date effect.
Of the two measures of tide height that we investigated, relative tide height was much better than the absolute height of the tide for explaining variation in the seal counts. Making the tidal measure relative to the low tide took into account the day-to-day variations in the range of the tide. The better fit to this variable confirmed that the importance of the tide was not simply an issue of space available for hauling out; it was also a matter of the timing of behavior around the low tide, irrespective of the absolute height of the low ride (Olesiuk 1999 ). That we found the (relative) tide height to be a slightly better predictor than relative tide time, unlike Frost et ul. (1999) , actually reflects the similarity of information conveyed by these two variables; prevalence of one over the other is likely to vary among studies due only to slight differences in the data that may not be of biological significance. For example, in a study of haul-out behavior at two sites in Alaska, Simpkins et uL2 found that relative tide height was the best predictor of the proportion of seals hauled out at one site and relative tide time was the best predictor at the other site.
Glacial Ice Haul-out Sites
Our results indicated that harbor seal haul-out behavior in glacial ice habitats was not strongly influenced by tidal stage, consistent with other studies (Calambokidis et al. 1987, authors' unpublished data) . Presumably, that is because the accessibility of a haul-out site that always floats at the water surface is not dependent on tide level. Although in one respect this simplifies the design and execution of surveys for harbor seals using glacial ice haul-outs, these sites remain difficult to survey reliably for other reasons. The primary problems are that occasionally the ice is dirty and that the floating ice fields emanating from glaciers tend to be widely dispersed and constantly in motion; therefore, it is difficult for aerial observers to distinguish seals from dirt and rocks and to keep track of what areas have been counted or photographed. Until a more reliable method of surveying these sites is available, there will be uncertainty associated with counts from areas such as Columbia Bay, Icy Bay, Harriman Fjord, and College Fjord in Prince William Sound, where several hundred to more than a thousand seals may be hauled out during the molt.
Comparison of Two Different Treatments of Prince William Sound Data
The analyses presented here included data that were used by Frost et al. (1999) in their study of trends in harbor seal numbers in Prince William Sound.
For the 17 haul-out sites in common between the two data sets (Fig. 1, Zone 6 , Route A), we computed an unadjusted mean count of 718 seals and an index adjusted for the covariates of 981 seals (Table 2) . Frost et al. (1999) reported an unadjusted mean count of 808 seals and an adjusted index of 966 seals for 1996.
The unadjusted means were different because we included mote replicate observations at some of the sites than Frost et al. (1999) . They eliminated one survey day from their data because that day was rainy, the survey did not cover all of their 25 sites, and the low counts obtained on that day would have biased their results because they did not include weather conditions as covariates. In our study, however, we included weather conditions among the covariates and thus retained the counts from the rainy day, making our unadjusted mean count lower than that reported by Frost et al. (1999) . Also, we included counts from seven of the 25 Route A sites on 12-14 August, just prior to the surveys reported by Frost et al. (1999) . Despite the differences in the counts that formed the basis of the two analyses, the covariate-adjusted indices were very similar (981 0s. 966), supporting the notion that covariate adjustment is beneficial for reducing variability in harbor seal counts.
The magnitude of our covariate adjustment for Prince William Sound (1.4 times the unadjusted mean) was greater than that of Frost et al. (1999) (1.2 times the unadjusted mean), possibly because our model included more covariates, and the optimal states of the covariates imply upward adjustments of the means. This result emphasizes the importance of recording as many of the potential covariates as possible during surveys such as these. Important covariates miss-ing from a model can cause over-dispersion and under-adjustment for the covariate effects.
With a few minor exceptions, the covariate effects described in other analyses of counts from Prince William Sound (Frost et al. 1999; Ver Hoef and Frost, in press) were supported in our analysis of counts from the broader Gulf of Alaska region. We found a similar relationship of counts declining with date from midAugust into September. Seals in Prince William Sound, however, tended to haul out in greatest numbers in the early morning (Ver Hoef and Frost, in press), rather than around midday, which was the case on average for the Gulf of Alaska as a whole. We found a more significant effect from (relative) tide height than found by Frost et al. (1999) for the Prince William Sound sites, but they found the time relative to the tide to be more important so that the overall effect of the tide was similar in both studies. As we suggested above, these differences in response to tidal variables are unlikely to be of biological significance.
Estimating Total Population Size
Our approach to estimating the population size of harbor seals accounted for both the effect of covariates on survey counts and the proportion of seals that remained in the water under ideal haul-out conditions. Previous estimates of harbor seal population sizes used the average proportion of marked animals hauled out during replicate survey flights to correct survey counts for the proportion of the total population that was at sea (and therefore not counted) during the survey (e.g., Huber et al. 2001) . The effect of environmental conditions on haul-out behavior and survey counts was implicitly included in the behavior of the marked animals, which was assumed to represent accurately the haul-out behavior of all surveyed animals. This approach was adequate for small-scale surveys in which all haul-out sites could be surveyed under similar environmental conditions. During large-scale surveys, however, not every haul-out site can be surveyed under the same conditions, and the behavior of marked animals at one site may not represent the behavior of animals at another site experiencing different environmental conditions. Recent studies created statistical models of the relationship between survey counts and environmental conditions at each haul-out site to explicitly adjust counts for the effects of environmental covariates (Watts 1996 , Frost et al. 1999 ). This approach was adequate for use in analyses of population trends because counts at all sites could be adjusted to a standard set of environmental conditions, and trends in those adjusted counts could be assumed to represent population trends (Frost et al. 1999) .
We extended this approach to obtain an actual population size estimate by applying to our adjusted counts a covariate-adjusted correction factor to account for the proportion of seals not hauled our ( i e . , at sea) under the standard conditions. In a study of radio-tagged harbor seals during the molt season, Simpkins et a[.* derived such a covariate-adjusted correction factor, and they found that the proportion of seals at sea was very similar for two widely-separated sites in Alaska under conditions that were ideal for each site. Based on this similarity in values between sites, Simpkins et a[.* suggested that harbor seals in different regions behave similarly under locally ideal conditions, at least within Alaska during the molt season. We assumed that was true and applied the correction facror from Simpkins et uL2 to our adjusted counts to estimate the population size of harbor seals in the Gulf of Alaska. This assumption, however, should be explored further by obtaining estimates of the haul-out proportions and ideal conditions at additional sites and by direct comparison of covariate adjustment models for data obtained simultaneously by surveys and monitoring of radio-tagged harbor seals.
